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(57) ABSTRACT 

In the process for manufacturing a semiconductor device of 
the present invention, a capacitor dielectric ?lm is deposited 
via an atomic layer deposition employing an organic source 
material containing one or more metallic element(s) selected 
from the group consisting of Zr, Hf, La and Y as a deposition 
gas. The process for manufacturing a capacitor of the present 
invention includes obtaining a boundary temperature T 
(degree C.), at Which an increase in a deposition rate for 
depositing the capacitor dielectric ?lm as increasing the 
temperature is detected, on the basis of a correlation data of 
a deposition temperature in the atomic layer deposition 
employing the deposition gas With a deposition rate for 
depositing the capacitor dielectric ?lm at the deposition 
temperature (S100 and S102); and depositing the capacitor 
dielectric ?lm via the atomic layer deposition employing the 
deposition gas at a temperature Within a range of from 

(T-20) (degree C.) to (T+20) (degree C.) (S104 to S112). 

138 

/ /\/ 142 
/ 

/\/ 134 

122} 
% % 114 

,NQHZ 
/ 

% 

107 

"\J 132 

“\J 128 

\130 



Patent Application Publication Mar. 2, 2006 Sheet 1 0f 10 US 2006/0046421 A1 

FIG. 1 140 ‘38 
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METHOD FOR MANUFACTURING 
SEMICONDUCTOR DEVICE 

[0001] This application is based on Japanese patent appli 
cation NO. 2004-243284, the content of Which is incorpo 
rated hereinto by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a method for 
manufacturing a semiconductor device including a capaci 
tor, and in particular, relates to a method for manufacturing 
a semiconductor device that utiliZe depositing a capacitor 
dielectric ?lm of the capacitor by an atomic layer deposition. 

[0004] 2. Related Art 

[0005] Increasing achievements in miniaturiZation/inte 
gration of dynamic random access memory (DRAM) in 
recent years leads to promote a requirement for acquiring 
sufficient capacitance for a cell capacitance as one of critical 
issues. One of eXemplary technique for acquiring suf?cient 
capacitance may be a method of increasing a relative dielec 
tric constant of a capacitor dielectric ?lm. 

[0006] In Laid-Open Japanese Patent Application No. 
2003-243,526, a capacitor including a capacitor dielectric 
?lm (oxide layer), Which is con?gured by depositing a high 
dielectric constant material such as ZrO2 or Ta2O5 via an 
atomic layer deposition (hereinafter referred to as ALD), is 
disclosed. When a capacitor dielectric ?lm is formed via 
ALD in a conventional technology, a deposition of a mate 
rial is conducted at a temperature of on the order of about 
300 degree C. to 400 degree C. 

SUMMARY OF THE INVENTION 

[0007] HoWever, as a result of investigations by the 
present inventors, it has been found that it is dif?cult to 
manufacture a capacitor having longer durability and higher 
reliability Without an appropriate temperature control 
depending on the type of material, When a capacitor dielec 
tric ?lm is formed via ALD. 

[0008] According to the present invention, there is pro 
vided a method for manufacturing a semiconductor device 
including a capacitor by depositing a capacitor dielectric 
?lm of the capacitor via an atomic layer deposition employ 
ing an organic source material containing one or more 
metallic element(s) selected from the group consisting of Zr, 
Hf, La and Y as a deposition gas, comprising: obtaining a 
boundary temperature T (degree C., centigrade), at Which an 
increase in a deposition rate for depositing the capacitor 
dielectric ?lm as increasing the temperature is detected, on 
the basis of a correlation data of a deposition temperature in 
the atomic layer deposition employing the deposition gas 
With a deposition rate for depositing the capacitor dielectric 
?lm at the deposition temperature; and depositing the 
capacitor dielectric ?lm via the atomic layer deposition 
employing the deposition gas at a temperature Within a range 
of from (T-20) (degree C.) to (T+20) (degree C.). 
[0009] Here, the capacitor dielectric ?lm may be com 
posed of a high dielectric constant ?lm containing one or 
more metallic element(s) selected from the group consisting 
of Zr, Hf, La and Y. The capacitor dielectric ?lm may be 
formed of, for eXample, ZrO2, HfO2, La2O3, YZO3 or the 
like. 
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[0010] As described later in the description of examples of 
the present invention, it has been clari?ed by the investiga 
tions of the present inventors that the reliability of the 
capacitor dielectric ?lm can be enhanced by depositing the 
capacitor dielectric ?lm via an atomic layer deposition 
Within a certain temperature range centered on the above 
described boundary temperature T (degree C.). Having such 
con?guration, the reliability of the device employing such 
capacitor dielectric ?lm can be enhanced. 

[0011] According to the present invention, there is pro 
vided a method for manufacturing a semiconductor device 
including a capacitor by depositing a capacitor dielectric 
?lm of the capacitor via an atomic layer deposition employ 
ing an organic source material containing one or more 
metallic element(s) selected from the group consisting of Zr, 
Hf, La and Y as a deposition gas, comprising: obtaining a 
boundary temperature T (degree C.), at Which an increase in 
a ?lm thickness of the capacitor dielectric ?lm formed in 
every cycle of the atomic layer deposition as increasing the 
temperature is detected, on the basis of a correlation data of 
a deposition temperature in the atomic layer deposition 
employing the deposition gas With a ?lm thickness of the 
capacitor dielectric ?lm formed in every cycle of the atomic 
layer deposition at the deposition temperature; and depos 
iting the capacitor dielectric ?lm via the atomic layer 
deposition employing the deposition gas at a temperature 
Within a range of from (T-20) (degree C.) to (T+20) (degree 
C.). 
[0012] Here, the ?lm thickness of the capacitor dielectric 
?lm formed in every cycle may also be replaced With an 
average ?lm thickness obtained by conducting the processes 
of multiple cycles. 

[0013] In the method of present invention, the organic 
source material may contain C and N. 

[0014] In the method of present invention, the organic 
material may contain a material presented by a general 
formula: M(NRR‘)4 (Where R and R‘ are CXHy and M is a 
metallic element selected from the group consisting of Zr, 
Hf, La and Y). 

[0015] In the method of present invention, the capacitor 
may contain a loWer electrode composed of a metallic 
material, and in the depositing the capacitor dielectric ?lm, 
the capacitor dielectric ?lm may be formed on the loWer 
electrode. In the present invention, the capacitor may be 
composed of a metal-insulator-metal (MIM) structure. 

[0016] In the method of present invention, the depositing 
the capacitor dielectric ?lm may include depositing the 
capacitor dielectric ?lm by repeating a combination of 
introducing the deposition gas and introducing an oXidiZing 
gas. Here, O3 may be employed for the oXidiZing gas. 

[0017] According to the present invention, the reliability 
of a semiconductor including a capacitor containing a 
capacitor dielectric ?lm deposited by the atomic layer depo 
sition can be enhanced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The above and other objects, advantages and fea 
tures of the present invention Will be more apparent from the 
folloWing description taken in conjunction With the accom 
panying draWings, in Which: 
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[0019] FIG. 1 a cross-sectional vieW, showing an exem 
plary con?guration of a semiconductor device in an embodi 
ment; 

[0020] FIGS. 2A to 2E are cross-sectional views, illus 
trating an exemplary procedure for manufacturing the semi 
conductor device in the embodiment; 

[0021] FIGS. 3F and 3G are cross-sectional vieWs, illus 
trating an exemplary procedure for manufacturing the semi 
conductor device in the embodiment; 

[0022] FIG. 4 is a timing chart, illustrating timings for 
supplying the gas in the case of depositing the capacitor 
dielectric ?lm via an ALD process; 

[0023] FIG. 5 is a How chart, shoWing the process for 
depositing the capacitor dielectric ?lm in the embodiment; 

[0024] FIG. 6 is a graph, shoWing correlation data 
betWeen the deposition temperature and the thickness of the 
deposited ?lm in every cycle in the case of depositing the 
capacitor dielectric ?lm via an ALD process; 

[0025] FIG. 7 is a graph, shoWing results of reliability 
tests for the formed capacitors; 

[0026] FIG. 8 is a table, shoWing the leakage currents 
value of the capacitors; 

[0027] FIG. 9 is a graph, shoWing the correlation data 
betWeen the deposition temperature and the thickness of the 
deposited ?lm in every cycle in the case of depositing the 
capacitor dielectric ?lm via an ALD process; 

[0028] FIG. 10 is a table, shoWing the leakage currents 
value of the capacitors; 

[0029] FIGS. 11A and 11B are cross-sectional vieWs, 
illustrating an exemplary procedure for manufacturing the 
semiconductor device in the embodiment; 

[0030] FIGS. 12C and 12D are cross-sectional vieWs, 
illustrating an exemplary procedure for manufacturing the 
semiconductor device in the embodiment; and 

[0031] FIGS. 13E and 13F are cross-sectional vieWs, 
illustrating an exemplary procedure for manufacturing the 
semiconductor device in the embodiment. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0032] The invention Will be noW described herein With 
reference to illustrative embodiments. Those skilled in the 
art Will recogniZe that many alternative embodiments can be 
accomplished using the teachings of the present invention 
and that the invention is not limited to the embodiments 
illustrated for explanatory purposed. 

[0033] Preferable embodiments according to the present 
invention Will be described as folloWs in further detail, in 
reference to the annexed ?gures. In all ?gures, identical 
numeral is assigned to an element commonly appeared in the 
?gures, and the detailed description thereof Will not be 
presented. 
[0034] FIG. 1 is a cross-sectional vieW, shoWing a con 
?guration of a semiconductor device including a capacitor in 
the present embodiment. Although a cylindrical shaped 
capacitor is illustrated here, it is not intended to limit the 
scope of the present invention thereto. 
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[0035] The semiconductor device 100 includes a semicon 
ductor substrate 126 having sources and drains 130 and 
element separating regions 128 formed therein, gates 132 
formed above the semiconductor substrate 126, a ?rst insu 
lating ?lm 102 and plugs 106, an etching blocking ?lm 107 
formed on the ?rst insulating ?lm 102, a second insulating 
?lm 108 formed on the etching blocking ?lm 107, capacitors 
124 provided on the second insulating ?lm 108, an interlayer 
insulating ?lm 134 formed on the capacitors 124, an inter 
connect layer 142 formed on the interlayer insulating ?lm 
134, and barrier metal ?lms 138 and metallic ?lms 140 
formed betWeen the capacitors 124. The capacitor 124 
includes a loWer electrode 112, a capacitor dielectric ?lm 
114 and an upper electrode 120. 

[0036] The Plug 106 is composed of a metallic ?lm 104 
and a barrier metal ?lm 105. Here, the ?rst insulating ?lm 
102 is composed of, for example, SiO2. The metallic ?lm 
104 is composed of, for example, W. The barrier metal ?lm 
105 is composed of, for example, Ti, TiN, Ta or TaN. The 
etching blocking ?lm 107 may be composed of SiON, for 
example, and is utiliZed as an etch stop ?lm. 

[0037] The second insulating ?lm 108 is composed of, for 
example, SiO2. In the present embodiment, the loWer elec 
trode 112 is composed of a metallic material. The Lower 
electrode 112 may be composed of, for example, TiN, TaN 
or WN. 

[0038] The capacitor dielectric ?lm 114 may be composed 
of a high dielectric constant ?lm. In the present embodiment, 
the capacitor dielectric ?lm 114 may be composed of an 
oxide or oxides of one or more metallic element(s) selected 
from the group consisting of, for example, Zr, Hf, La and Y. 

[0039] The upper electrode 120 is composed of a ?rst 
upper electrode ?lm 118 and a second upper electrode ?lm 
122. The ?rst upper electrode ?lm 118 may be composed of, 
for example, TiN, TaN or WN. The second upper electrode 
?lm 122 may be composed of, for example, W. 

[0040] FIGS. 2A to 2E, FIGS. 3F and 3G, FIGS. 11A 
and 11B, FIGS. 12C and 12D and FIGS. 13E and 13F are 
cross-sectional vieWs, illustrating an exemplary procedure 
for manufacturing the semiconductor device 100 having the 
con?guration shoWn in FIG. 1. 

[0041] First, the ?rst insulating ?lm 102 is formed on the 
semiconductor substrate (not shoWn in FIGS. 2A to 2E and 
FIGS. 3F and 3G), and the plug 106 is formed on the ?rst 
insulating ?lm 102. Then, the etching blocking ?lm 107 is 
formed on the ?rst insulating ?lm 102, and the second 
insulating ?lm 108 is formed thereon (FIG. 2A). 

[0042] Subsequently, the second insulating ?lm 108 and 
the etching blocking ?lm 107 are sequentially etched by a 
knoWn lithographic technology to form a concave portion 
110 in the second insulating ?lm 108. The upper surface of 
the plug 106 is exposed by such process (FIG. 2B). There 
after, the loWer electrode 112 is formed on the entire surface 
of the second insulating ?lm 108 (FIG. 2C). The loWer 
electrode 112 may be formed via CVD process, for example. 

[0043] Subsequently, a sacri?cial ?lm (not shoWn) is 
formed to ?ll the concave portion 110 on the loWer electrode 
112 thereWith. Then, the sacri?cial ?lm and the loWer 
electrode 112 are etched to remove a portion of the loWer 
electrode 112 that is exposed outside of the concave portion 
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110. Thereafter, the remaining sacri?cial ?lm in the concave 
portion 110 is removed via an etching (FIG. 2D). 

[0044] Subsequently, the capacitor dielectric ?lm 114 is 
deposited on the second insulating ?lm 108 and the loWer 
electrode 112 (FIG. 2E). The capacitor dielectric ?lm 114 
maybe deposited via anatomic layer deposition (hereinafter 
referred to as ALD). Details of the process Will be described 
later. 

[0045] Thereafter, the ?rst upper electrode ?lm 118 is 
formed on the capacitor dielectric ?lm 114 (FIG. 3F). The 
?rst upper electrode ?lm 118 may be formed via, for 
example, CVD, ALD, physical vapor deposition (PVD) or a 
combination thereof. 

[0046] The second upper electrode ?lm 122 is formed 
subsequently on the ?rst upper electrode ?lm 118 (FIG. 
3G). The upper electrode 120 is formed by such process. An 
electric resistance of the upper electrode 120 can be main 
tained to be loWer by providing such type of the second 
upper electrode ?lm 122. 

[0047] The capacitor 124 is formed by the above described 
processing. 

[0048] Thereafter, as shoWn in FIG. 11A, the upper elec 
trode 120 is processed into a certain pattern. Then, an 
interlayer insulating ?lm 134 is formed on the upper elec 
trode 120 (FIG. 11B). Subsequently an opening 136 is 
formed betWeen adjacent capacitors 124 (FIG. 12C). There 
after, the barrier metal ?lm 138 and the metallic ?lm 140 are 
formed in the opening 136 (FIG. 12D). In this case, the 
barrier metal ?lm 138 may be composed of, for example, a 
TiN ?lm formed via CVD or PVD. Further, the metallic ?lm 
140 may be, for example, W ?lm formed via CVD. Then, the 
barrier metal ?lm 138 and the metallic ?lm 140, Which are 
exposed outside of the opening 136, are removed via CMP 
(FIG. 13E). Subsequently, the interconnect layer 142 is 
formed on the interlayer insulating ?lm 134 (FIG. 13F). The 
interconnect layer 142 may be, for example, composed of 
TiN and W. The interconnect layer 142 is patterned into a 
certain geometry to form bit lines. The semiconductor 
device 100 having the con?guration shoWn in FIG. 1 is 
formed by such process. Thereafter, an interlayer insulating 
?lm (not shoWn) composed of a silicon oxide ?lm, for 
example, may be formed on the interconnect layer 142, and 
a multiple-layered interconnect structure may be formed 
thereon. 

[0049] Next, the manufacturing process for depositing the 
capacitor dielectric ?lm 114 Will be described in detail. FIG. 
4 is a timing chart, illustrating timings for supplying the gas 
in the case of depositing the capacitor dielectric ?lm 114 via 
ALD process. As for ALD process, a deposition chamber is 
utiliZed. The ALD process includes a process cycle of: 
introducing a deposition gas (step 1); purging (step 2); 
introducing an oxidiZing gas (step 3); and purging (step 4), 
and the steps 1 to 4 are repeated to form the capacitor 
dielectric ?lm 114. A ?lm having a thickness of several 
angstroms is deposited by conducting a stage of introducing 
the source material of step 1 through step 3, and therefore the 
above-described cycles are repeated until a desired thickness 
of the deposited ?lm is achieved. 

[0050] In the present embodiment, the organic source 
material containing one or more metallic element(s) selected 
from the group consisting of Zr, Hf, La and Y is employed 
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as the deposition gas. Such organic source material may be 
a material containing carbon (C) and nitrogen (N), such as 
a material presented by a general formula: M(NRR‘)4 (Where 
R and R‘ are CXHy and M is a metallic element selected from 
the group consisting of Zr, Hf, La and Y). 

[0051] For example, When the capacitor dielectric ?lm 114 
is composed of a ZrO2 ?lm, Zr(N(Me)Et)4 (tetraethyl methy 
lamino Zirconium, TEMAZ) or Zr(NEt2)4 (tetra diethy 
lamino Zirconium, TDEAZ) may be employed for the depo 
sition gas (Where Me indicates methyl group, and Et 
indicates ethyl group). Further, When the capacitor dielectric 
?lm 114 is composed of, for example, HfO2 ?lm, Hf(N 
(Me)Et)4 (tetraethyl methylamino hafnium, TEMAH) or 
Hf(NEt2)4 (tetra diethylamino hafnium, TDEAH) may be 
employed. For the oxidiZing gas, 02, N20, NO or O3 gas or 
a gaseous mixture thereof may be employed, for example. 

[0052] FIG. 5 is a How chart, shoWing the process for 
depositing the capacitor dielectric ?lm 114 in the present 
embodiment. First, a correlation data of deposition tempera 
ture and the deposition thickness of the capacitor dielectric 
?lm 114 deposited in every deposition cycle at the deposi 
tion temperature (i.e., deposition rate) in the case of forming 
the capacitor dielectric ?lm 114 via ALD are obtained 

(S100). 
[0053] Subsequently, a boundary temperature T (degree 
C.), at Which an increase in a deposition rate in every cycle 
is detected, is obtained on the basis of the obtained corre 
lation data (S102). 

[0054] FIG. 6 is a graph, shoWing correlation data 
betWeen the deposition temperature and the thickness of the 
deposited ?lm in every cycle in the case of depositing the 
capacitor dielectric ?lm 114 via an ALD process employing 
a deposition gas of Zr(N(Me)Et)4 (tetraethyl methylamino 
Zirconium, TEMAZ) and an oxidiZing gas of O3 gas. In this 
graph, the thickness of the deposited ?lm is slightly 
decreased as the temperature is increased, at a temperature 
Within a range of from about 200 degree C. to about 250 
degree C., and the increase in the thickness of the deposited 
?lm as increasing the temperature is shoWn at a temperature 
around 250 degree C. In this case, the boundary temperature 
T=250 degree C. 

[0055] Returning back to FIG. 5, the deposition tempera 
ture is set to be Within a range of from (T-20) degree C. to 
(T+20) degree C., by taking the boundary temperature T 
obtained in step S102 as a reference (S104). 

[0056] Subsequently, under such temperature condition, 
introducing the deposition gas (S106), purging (S108), intro 
ducing the oxidiZing gas (S110) and purging (S112) are 
sequentially conducted. One cycle of the ALD process is 
carried out by such sequential process steps. Thereafter, a 
desired ?lm thickness of the capacitor dielectric ?lm 114 has 
been acquired or not is judged (S114), and if it is not, the 
cycle of the process from step S106 to step S112 is repeated 
until the desired thickness is obtained. When the desired 
thickness of the capacitor dielectric ?lm 114 is achieved 
(“YES” in S114), the process for depositing the capacitor 
dielectric ?lm 114 is completed. 

[0057] The boundary temperature may be various based 
on a deposition machine, the maximum of the boundary 
temperature difference may be about 40 (degree C.), even if 
a capacitor dielectric ?lm (ZrO2 for example) is deposited 
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With a same deposition condition using a same type of 
deposition machine. This boundary temperature difference 
may happen by using a different vendor machine With Which 
different parts are employed, by inherent unevenness of a 
heater used in the machine or the like. Therefore, getting the 
appropriate boundary temperature “T” (degree C.) and 
depositing the capacitor dielectric ?lm at (T-20) to (T+20) 
(degree C.), as described above, makes it possible to manu 
facture a semiconductor device stably Without depending on 
a deposition machine. 

EXAMPLES 

[0058] Examples Will be described as folloWs. 

Example 1 

[0059] The capacitor dielectric ?lm 114 composed of ZrO2 
?lm Was deposited by a method similar to that stated above 
to form the capacitor 124. Zr(N(Me)Et)4 (tetraethyl methy 
lamino Zirconium, TEMAZ) Was employed for the deposi 
tion gas for depositing the capacitor dielectric ?lm 114. O3 
gas Was employed for the oxidiZing gas. 

[0060] The correlation data betWeen the deposition tem 
perature and the thickness of the deposited ?lm in every 
cycle in this case is shoWn in FIG. 6. In such case, the 
boundary temperature T (degree C.), at Which an increase in 
a deposition rate in every cycle is shoWn, Was 250 degree C. 

[0061] FIG. 7 is a graph, shoWing results of a reliability 
test (time dependent dielectric breakdoWn, TDDB) of a 
capacitor 124 in the case that the thickness of the capacitor 
dielectric ?lm 114 is 90 angstroms. The abscissa is assigned 
to a deposition temperature in depositing the capacitor 124, 
and the ordinate is assigned to a time required for breaking 
doWn more than half of 57 capacitors When a constant 
electrical voltage (+0.6 V) is continuously applied to the 57 
capacitors. In this case, the deposition temperature Was 
Within a range of from (boundary temperature T (250 degree 
C.)—20 degree C.) to (boundary temperature T (250 degree 
C.)+20 degree C.), i.e., 230 degree C. to 270 degree C. The 
time required for breaking doWn more than half of 57 
capacitors Was longest When the deposition temperature Was 
250 degree C., Which is at the boundary temperature, and the 
time Was reduced as deviating from 250 degree C. In the 
case of the device manufactured by depositing the capacitor 
dielectric ?lm 114 at a temperature Within a range of +/—20 
degree C. of the boundary temperature, time required for 
breaking doWn more than half the capacitors Was not shorter 
than 20 years, and thus it is indicative of presenting longer 
durability of such device, as compared With the device 
manufactured by depositing the capacitor dielectric ?lm 114 
at a temperature outside of the above-described temperature 
range. 

[0062] In addition, the results of measuring a leakage 
current in the capacitors 124 having the capacitor dielectric 
?lms 114 that Were deposited at deposition temperatures of 
250 degree C. and 270 degree C., respectively, are shoWn in 
FIG. 8. In such case, When the deposition Was carried out at 
the boundary temperature of 250 degree C., loWer leakage 
current of 1x10‘16 (A/cell) Was observed, and When the 
deposition Was carried out at 270 degree C., Which is the 
boundary temperature of 250 degree C. plus 20 degree C., 
loWer leakage current of 5x10‘16 (A/cell) Was also observed, 
and therefore it Was concluded that the leakage current Was 
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Within a speci?cation current (5><10_16 (A/cell)) that is a 
criteria for an acceptance inspection in the performance of 
the capacitor 124. 

[0063] When the deposition temperature is higher than a 
temperature Within a certain temperature range in the depo 
sition of the capacitor dielectric ?lm 114 via ALD, the 
deposition gas is decomposed simultaneously With the 
adsorption thereof, and thus C and N are remained on the 
surface of the ?lm Without being bound to the metal. C and 
N remained as forms of the decomposed products are not 
purged in the step of purging, and all of these remained 
elements are not oxidiZed in the step of introducing the 
oxidiZing gas, and thus are still remained in the ?lm. As 
such, it is considered that the decomposed products con 
tained Within the deposited ?lm may cause defects Within 
the ?lm, and the defects may be sources for the deterioration 
of the capacitor dielectric ?lm, thereby reducing the reli 
ability of the capacitor dielectric ?lm. The decomposition of 
the deposition gas are considerably occurred at a tempera 
ture that is higher than the boundary temperature by 20 
degree C. or more, When an organic source material con 
taining C and N is employed as the deposition gas. In this 
case, the deposited ?lm is contaminated With the decom 
posed products such as C or N as impurities. Therefore, it is 
considered that the reliability of the device including the 
capacitor dielectric ?lm 114, Which is deposited at a depo 
sition temperature higher than the certain temperature range, 
is reduced. 

[0064] On the other hand, it is considered that, When the 
deposition temperature is loWer than the certain temperature 
range, the purging ef?ciency Within the chamber is reduced, 
and therefore the deposition gas of the source material is 
remained Within the chamber and the deposited ?lm is 
contaminated With the remaining source material With a 
quantity beyond the appropriate quantity, thereby reducing 
the reliability of the device. In particular, When the organic 
source material employing C and N is used as the deposition 
gas, impurities such as C or N are mixed Within the 
deposited ?lm to reduce the reliability of the device. 

Example 2 

[0065] The capacitor dielectric ?lm 114 composed of 
HfO2 ?lm Was deposited by a method similar to that stated 
above to form the capacitor 124. Hf(N(Me)Et)4 (tetraethyl 
methylamino hafnium, TEMAH) Was employed for the 
deposition gas. O3 gas Was employed for the oxidiZing gas. 

[0066] FIG. 9 is a graph, shoWing the correlation data 
betWeen the deposition temperature and the thickness of the 
deposited ?lm in every cycle in the present example. In such 
case, the boundary temperature T (degree C.), at Which an 
increase in a deposition rate in every cycle is shoWn, Was 
280 degree C. 

[0067] The results of measuring the leakage current of the 
capacitors 124 including the capacitor dielectric ?lms 14 
deposited at the deposition temperatures of 280 degree C. 
and 310 degree C., respectively, are shoWn in FIG. 10. In 
such case, While loWer leakage current of 1x10“16 (A/cell) 
Was observed When the deposition Was carried out at the 
boundary temperature of 280 degree C., When the deposition 
Was carried out at 310 degree C., Which is the boundary 
temperature of 280 degree C. plus 30 degree C., higher 
leakage current of 1x10“15 (A/cell) Was observed, and there 
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fore it Was concluded that the leakage current exceeded the 
speci?cation current (5><10_16 (A/cell)). According to these 
results, it is considered that the deposition temperature of 
310 degree C. Would not present better results for the 
reliability test (TDDB). 

[0068] As described above, the deposition temperature for 
depositing the capacitor dielectric ?lm 114 via ALD can be 
optimiZed according to the present invention, and therefore 
the capacitor having longer durability and higher reliability 
can be manufactured. 

[0069] While the capacitor under bit-line (CUB) having a 
capacitor formed under a bit line is illustrated in the above 
described embodiment, the present invention may also be 
applicable to a structure of capacitor over bit-line (COB) 
having a capacitor formed over the bit line. 

[0070] While the preferred embodiments and eXamples of 
the present invention have been described above in reference 
to the anneXed ?gures, it should be understood that the 
disclosures above are presented for the purpose of illustrat 
ing the present invention, and various con?gurations other 
than the above described con?gurations can also be adopted. 

What is claimed is: 
1. A method for manufacturing a semiconductor device 

including a capacitor by depositing a capacitor dielectric 
?lm of said capacitor via an atomic layer deposition employ 
ing an organic source material containing one or more 
metallic element(s) selected from the group consisting of Zr, 
Hf, La and Y as a deposition gas, comprising: 

obtaining a boundary temperature T (degree C.), at Which 
an increase in a deposition rate for depositing said 
capacitor dielectric ?lm as increasing the temperature is 
detected, on the basis of a correlation data of a depo 
sition temperature in the atomic layer deposition 
employing said deposition gas With a deposition rate 
for depositing said capacitor dielectric ?lm at the 
deposition temperature; and 

depositing said capacitor dielectric ?lm via the atomic 
layer deposition employing said deposition gas at a 
temperature Within a range of from (T-20) (degree C.) 
to (T+20) (degree C.). 

2. The method for manufacturing a semiconductor device 
according to claim 1, Wherein said organic source material 
contains C and N. 

3. The method for manufacturing a semiconductor device 
according to claim 1, Wherein said organic material contains 
a material presented by a general formula: M(NRR‘)4 (Where 
R and R‘ are CXHy and M is a metallic element selected from 
the group consisting of Zr, Hf, La and Y). 
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4. The method for manufacturing a semiconductor device 
according to claim 1, Wherein said capacitor contains a 
loWer electrode composed of a metallic material, and in said 
depositing said capacitor dielectric ?lm, said capacitor 
dielectric ?lm is formed on said loWer electrode. 

5. The method for manufacturing a semiconductor device 
according to claim 1, Wherein said depositing said capacitor 
dielectric ?lm includes depositing said capacitor dielectric 
?lm by repeating a combination of introducing said depo 
sition gas and introducing an oXidiZing gas. 

6. A method for manufacturing a semiconductor device 
including a capacitor by depositing a capacitor dielectric 
?lm of said capacitor via an atomic layer deposition employ 
ing an organic source material containing one or more 
metallic element(s) selected from the group consisting of Zr, 
Hf, La and Y as a deposition gas, comprising: 

obtaining a boundary temperature T (degree C.), at Which 
an increase in a ?lm thickness of said capacitor dielec 
tric ?lm formed in every cycle of the atomic layer 
deposition as increasing the temperature is detected, on 
the basis of a correlation data of a deposition tempera 
ture in the atomic layer deposition employing said 
deposition gas With a ?lm thickness of said capacitor 
dielectric ?lm formed in every cycle of the atomic layer 
deposition at the deposition temperature; and 

depositing said capacitor dielectric ?lm via the atomic 
layer deposition employing said deposition gas at a 
temperature Within a range of from (T-20) (degree C.) 
to (T+20) (degree C.). 

7. The method for manufacturing a semiconductor device 
according to claim 6, Wherein said organic source material 
contains C and N. 

8. The method for manufacturing a semiconductor device 
according to claim 6, Wherein said organic material contains 
a material presented by a general formula: M(NRR‘)4 (Where 
R and R‘ are CXHy and M is a metallic element selected from 
the group consisting of Zr, Hf, La and Y). 

9. The method for manufacturing a semiconductor device 
according to claim 6, Wherein said capacitor contains a 
loWer electrode composed of a metallic material, and in said 
depositing said capacitor dielectric ?lm, said capacitor 
dielectric ?lm is formed on said loWer electrode. 

10. The method for manufacturing a semiconductor 
device according to claim 6, Wherein said depositing said 
capacitor dielectric ?lm includes depositing said capacitor 
dielectric ?lm by repeating a combination of introducing 
said deposition gas and introducing an oXidiZing gas. 


